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The cysteinyl leukotrienes, LTC4, LTD4 and LTE4, and the recently described cysteinyl
eicosanoid, 5-oxo-7-glutathionyl-8,11,14-eicosatrienoic acid (FOG7) have been analyzed by
tandem mass spectrometry. Both [M2H]2 and [M1H]1 ions were produced by electrospray
ionization and collision-induced dissociation of these molecular ion species were studied using
both an ion trap and a triple quadrupole instrument. Product ion spectra obtained were
characteristic of the structure of the cysteinyl leukotrienes and mechanisms of ion formation
were investigated by using deuterium-labeled analogs. The product ion spectrum obtained
following collision-induced dissociation of the [M2H]2 anion from FOG7 was devoid of
significant structural information and further studies of collision activation of the [M1H]1
spectrum were therefore examined. Positive ion MS3 spectra obtained in the ion trap from the
g-glutamate cleavage products of FOG7 and its derivative (d7-FOG7) afforded an abundant ion
not observed in spectra generated from the cysteinyl leukotrienes. Formation of this fragment
ion likely occurred via a McLafferty-type rearrangement to afford cleavage of the C6–C7 bond
adjacent to the sulfur atom and was valuable for the identification of the structure of FOG7 and
defining the biosynthetic pathway as a 1,4-Michael addition of glutathione to 5-oxo-eicosatet-
raenoic acid (5-oxo-ETE). (J Am Soc Mass Spectrom 2001, 12, 763–771) © 2001 American
Society for Mass Spectrometry
Arachidonic acid plays an important role in biol-ogy as a substrate of numerous oxidative enzy-matic reactions, leading to the production of
lipid mediators or compounds which serve as chemicals
that carry information from one cell to another. One of
the major pathways of arachidonic acid enzymatic
oxidation involves the insertion of molecular oxygen at
carbon-5 catalyzed by the enzyme 5-lipoxygenase. A
diverse family of biologically active eicosanoids arise
following activation of 5-lipoxygenase in the cell and
formation of 5-hydroperoxyeicosatetraenoic acid (5-
HpETE). One extensively studied pathway involves
formation of leukotrienes which are derived from the
chemically reactive allylic epoxide intermediate leuko-
triene A4 (LTA4) by a second 5-lipoxygenase mediated
reaction using 5-HpETE as substrate [1, 2]. This triene
epoxide may be transformed either into leukotriene B4
(LTB4) through the LTA4 hydrolase catalyzed addition
of water to LTA4 [3] or by conjugation with the tripep-
tide glutathione by LTC4 synthase to yield leukotriene
C4 (LTC4) [4]. LTC4 is subsequently rapidly metabolized
through a series of peptidic cleavage reactions by ec-
toenzymes to the cysteinyl-glycine leukotriene D4
(LTD4) and the cysteine leukotriene E4 (LTE4) [5]. These
sulfidopeptide or cysteinyl-leukotrienes were previ-
ously known as slow reacting substance of anaphylaxis
[6] and are synthesized by various inflammatory cell
types such as the eosinophils, mast cells, basophils, and
macrophages [1, 4, 7]. As a family, cysteinyl-leukotri-
enes possess potent biological activities causing con-
traction of various smooth muscles, and have been
implicated as mediators of acute hypersensitivity reac-
tions including asthma [7].
In addition to the well known leukotrienes as prod-
ucts of the 5-lipoxygenase cascade, it is now recognized
that another family of equally potent eicosanoids are
formed through the oxidation of 5-HETE to form 5-oxo-
eicosatetraenoic acid (5-oxo-ETE), a highly chemotactic
factor for the human eosinophil [8]. Recently, a new
biologically active cysteinyl 5-lipoxygenase product
was structurally characterized as 5-oxo-7-glutathionyl-
8,11,14-eicosatrienoic acid (FOG7) [9]. FOG7 was found
to be highly active as a chemotactic agent for both the
human eosinophil and neutrophil, and also capable of
polymerizing actin within these cells [9]. FOG7 and
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LTC4 are the only known biologically active glutathione
adducts of arachidonic acid and are in fact isobaric with
a molecular weight of 625 daltons. Methods for identi-
fying and distinguishing between these two glutathione
containing lipids has emerged as an important goal.
Direct analysis of cysteinyl eicosanoids was first
accomplished using fast atom bombardment ionization
(FAB) mass spectrometry [10]. Tandem mass spectro-
metry has been employed to a limited extent to study
both the positive and negative molecular ion species
derived from LTC4 and LTE4, and major product ions
[11, 12]. We report here the analyses of both positive
and negative product ions derived from the molecular
ion species of cysteinyl-leukotrienes and FOG7 gener-
ated by electrospray ionization. The collision induced
tandem mass spectra of the [M1H]1 species as well as
the MS3 product ions (ion trap) were investigated. It
was found that the MS3 approach was necessary for the
structural identification of FOG7.
Materials and Methods
Materials
Leukotriene C4 (LTC4), leukotriene D4 (LTD4), leukotri-
ene E4 (LTE4), [20,20,20-d3]leukotriene E4 (d3LTE4), 20-
trifluoro-LTE4, [2,3,14,15-d4]leukotriene A4-methyl ester
(d4-LTA4), 5-oxo-6,8,11,14-eicosatetraenoic acid (5-oxo-
ETE) and [6,8,9,11,12,14,15-d7]-5-oxo-6,8,11,14-eicosatet-
raenoic acid (d7-5-oxo-ETE) were purchased from Cay-
man Chemical Co. (Ann Arbor, MI). Reduced
glutathione 98% (GSH) was purchased from Aldrich
Chemical Co. (Milwaukee, WI). Hanks balanced salt
solution (HBSS) was purchased from Gibco BRL Life
Technologies (Gaithersburg, MD). Glutathione-S-trans-
ferase from equine liver was purchased from Sigma (St.
Louis, MO). All solvents were high pressure liquid
chromatography (HPLC)-grade and obtained from
Fisher Scientific (Fair Lawn, NJ). Leukotriene C4 syn-
thase was a kind gift from Dr. Bing K. Lam (Harvard
Medical School, Boston, MA). [2,3,14,15-d4]Leukotriene
C4 (d4-LTC4) was prepared from the corresponding
labeled d4-LTA4-methyl ester which was hydrolyzed to
the free acid [13] and incubated in HBSS with leuko-
triene C4 synthase for 10 min at 37 °C, after which the
solution was purified by solid phase extraction using a
column which was preconditioned with methanol and
water. The collected methanol eluent was concentrated
to 50 ml and d4-LTC4 was purified by HPLC analysis.
5-oxo-7-glutathionyl-8,11,14-eicosatrienoic Acid
(FOG7) Synthesis
The synthesis of FOG7 has been previously reported [9].
Briefly, 5-oxo-ETE (14 mM) was incubated with elicited
peritoneal murine macrophages (5 3 106 cells/mL) in
HBSS. Incubation was carried out at 37 °C for 3 h
followed by centrifugation and separation of metabo-
lites present in the supernatant using solid phase ex-
traction. FOG7 was purified by reversed phase HPLC
and LC/MS analysis.
d7-5-oxo-glutathionyl-8,11,14-eicosatrienoic Acid
(d7-FOG7) Synthesis
d7-5-oxo-ETE (18 nM) was incubated in a solution of
reduced glutathione (98%, 2 mM) in HBSS (1 mL) with
glutathione-S-transferase (GST) from equine liver (10
units) at 37 °C for 10 min, followed by centrifugation
and purification of the supernatant using solid phase
extraction. D7-FOG7 was purified by reversed phase
HPLC and LC/MS analysis. It should be noted that the
biosynthesis of d6-FOG7 previously reported [9] with
the loss of a deuterium atom at carbon-6 was observed
when d7-5-oxo-ETE was incubated with intact murne
macrophage. In vitro GST catalyzed conjugation of GSH
with d7-5-oxo-ETE does not result in deuterium/hydro-
gen exchange at carbon-6, suggesting within the mac-
rophage a secondary reaction, possibly an enolase,
catalyzes formation of d6-FOG7 from d7-FOG7.
Mass spectrometry
Electrospray experiments were carried out with a Finni-
gan LCQ ion trap mass spectrometer (San Jose, CA)
equipped with an electrospray ionization (ESI) source.
The spray needle was set at a potential of 4 kV,
providing a spray current between 2 and 16 mA, de-
pending upon the analysis. The heated capillary was set
at 130 °C and the stainless-steel capillary held a poten-
tial of 18 V. The sheath gas flow rate of nitrogen was set
at 69 (arbitrary units). The tube lens offset was –25 V,
and the electron multiplier voltage was –950 V. Helium
gas was introduced into the trap at a flow rate of 36
(arbitrary units) to improve the trapping efficiency of
the sample ions introduced into the ion trap. The
background helium gas also served as the collision gas
during the collisional activation event. A typical exper-
imental protocol consisted of infusing a 1-2 ng/ml
solution of the analyzed eicosanoid in 30:70 MeOH:
H2O:1% formic acid into the mass spectrometer via a
250 ml syringe at a flow rate of 5 ml/min. MSn (n 5 2
and 3) were carried out with the indicated ions at 3
s/scan with a mass isolation width of 61.5 Da, typically
with 25–30% relative collision energy to effect decom-
position of the target ions. The trapping of the product
ions was linked by the q value set to 0.25.
Tandem mass spectrometry was also carried out in a
Sciex API-III1 tandem quadrupole mass spectrometer
(PE-Sciex, Thornhill, Toronto, Canada) by injecting 4–5
ng of sample using an identical mobile phase at a flow
rate of 30 ml/min and using air as the nebulating gas
and nitrogen as curtain gas. The ESI spray voltage was
–2800 V, the orifice potential was maintained at –50 V,
and the collisional offset potential was 20 eV. For
collisional induced decomposition experiments the ar-
gon gas thickness was 235 3 1013 molecules/cm3.
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Results
The mass spectrometric analysis of cysteinyl containing
metabolites of arachidonic acid was carried out with
both positive and negative ions generated by electros-
pray ionization. Specific eicosanoids included LTC4, its
corresponding peptide cleavage metabolites LTD4 and
LTE4, 20-trifluoro-LTE4, the recently described eico-
sanoid FOG7, and deuterium-labeled analogs. These
compounds produced both abundant [M2H]2 ions and
[M1H]1 ions following electrospray ionization due to
the presence of both a free carboxylic acid moiety and a
primary amino group in each of these molecules (Table
1).
Negative Ion Electrospray Ionization Tandem Mass
Spectrometry
Collision-induced dissociation (CID) tandem mass spec-
trometry of the anions of LTC4, LTD4, and LTE4 pro-
duced abundant product ions in the tandem quadru-
pole mass spectrometer. Common fragmentation
reactions observed in the spectra of these cysteinyl-
leukotrienes are outlined in Table 2 with the site of
these cleavages described in Scheme 1. In general, the
CID negative ion product ion spectra from LTC4 and
LTE4 [M2H]
2 produced by electrospray ionization
closely resembled the spectra previously reported for
the decomposition of these ions generated by FAB
ionization [11, 12]. The fragment ions observed in the
electrospray negative MS/MS spectra of these mole-
cules generally arose from cleavage of the C–S bonds
with charge retention predominantly on the peptide
portion for LTC4 and LTD4, while LTE4 had a greater
tendency to fragment with charge retention maintained
on the lipid moiety of this molecule. The cleavage of the
C5–C6 bond of the lipid directly adjacent to the sulphur
atom (cleavage E, Scheme 1) was a process reported for
LTE4 [12], but was also observed for LTC4 and LTD4 in
our studies to afford the ions m/z 508 and 379, respec-
tively. The formation of these ions provided evidence to
support the location of the position of the cysteinyl
group on carbon-6 of the lipid backbone. A possible
mechanism for this cleavage process is described in
Scheme 2 initiated from the alkoxide anion either
formed during electrospray ionization or by proton
transfer to the carboxylate anion. Subsequent cleavage
of the carbon C5–C6 bond would lead to an anionic site
allylic to the conjugated triene and adjacent to the
sulphur atom along with the loss of neutral 5-oxo-
pentanoic acid. The deuterium-labeled analogs were
Table 1. Positive and negative molecular ion species observed
in the electrospray ionization of cysteinyl lipids
Eicosanoid
Observed m/z
[M1H]1 [M2H]2
LTC4 626 624
d4-LTC4 630 628
LTD4 497 495
LTE4 440 438
20-trifluoro-LTE4 494 492
d3-LTE4 443 441
FOG7 626 624
d7-FOG7 633 631
Table 2. Collision-induced MS/MS spectra of the [M2H]2 ions of LTC4, LTD4, LTE4, FOG7 and d7-FOG7 generated by electrospray
ionization. Fragmentations recorded are represented as m/z (relative abundance) and sites of cleavage are described in Scheme 1 for
the cysteinyl-leukotrienes and in Scheme 3 for FOG7 and its deuterium-labeled analog
a
Compound [M2H]2 [M2H2H2O]
2 A B C C2H2O D E F
LTC4 624 (100) 606 (12) — 306 (19) 351 (3) 333 (2) 272 (80) 508 (5) 495 (5)
d4-LTC4 628 (100) 610 (8) — 306 (20) 355 (3) 337 (2) 272 (84) 510 (4) 499 (6)
LTD4 495 (14) 477 (12) 317 (4) 177 (100) 351 (6) 333 (8) 143 (42) 379 (3)
b
LTE4 438 (4) 420 (9) 317 (20) 120 (27) 351 (35) 333 (100) — 322 (7)
b
d3-LTE3 441 (5) 423 (10) 320 (17) 120 (22) 354 (40) 336 (100) — 325 (8)
b
FOG7 624 (5) — — 306 (100) — — 272 (7) — —
d7-FOG7 631 (5) — — 306 (100) — — 272 (9) — —
a
Additional negative ions were also observed from LTD4 and LTE4 collisional activation (12).b
Cleavage at site F (Scheme 1) involves loss of glutamate. This cleavage does not occur in the spectra for LTD4 and LTE4 since the g-glutamate is
not present in these molecules.
Scheme 1
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consistent with this mechanism which likely led to a
stabilized triene conjugated anion.
Although structurally similar to LTC4, the CID neg-
ative ion tandem mass spectra for the 5-oxo-ETE de-
rived glutathione adduct FOG7 and its deuterium-
labeled analog were surprisingly simple and not
informative. The most abundant product anions ob-
served for FOG7 and d7-FOG7 (Table 2) are indicated in
Scheme 3. These processes include the cleavage of the
C–S bond on either side of the sulfur atom with charge
retention on the glutathione moiety to afford the ions
m/z 272 and 306 common for both FOG7 and its deute-
rium-labeled derivative (Scheme 3). Interestingly, both
ions were also observed in the CID mass spectrum of
the isobaric LTC4, but the abundance of m/z 272 was
four times higher than m/z 306, while the reverse was
true for FOG7 with m/z 306 being the most abundant.
Analysis of the cysteinyl eicosanoids as negative ions
was also carried out with the ion trap mass spectrom-
eter. While abundant [M2H]2 ions were observed,
collisional activation to relevant product ions proved to
be difficult. Those product ions discussed above as
being abundant in the tandem quadrupole instrument
were only observed in low yield even after elevation of
the ion trap collision energy.
Positive Ion Electrospray Ionization Tandem Mass
Spectrometry
The product ion spectra obtained following collision
activation of the [M1H]1 ions derived from LTC4,
LTD4, and LTE4 revealed several collision induced
processes (Figure 1). The ions observed were similar to
that previously reported for the collisional activation of
[M1H]1 ions from LTC4 and LTE4 generated by FAB
[11] and although LTD4 was not previously reported,
the [M1H]1 product ion spectra obtained for these
three cysteinyl-leukotrienes suggested similar fragmen-
tation mechanisms.
LTC4 decomposed to the most abundant ion m/z 308
due to facile cleavage of the glutathione-lipid carbon-
sulfur bond with charge retention on the peptide por-
Scheme 2
Scheme 3
Figure 1. Collision-induced dissociation of the [M1H]1 cations
generated by electrospray ionization in an ion trap mass spectrom-
eter. (a) LTC4 at m/z 626, (b) LTD4 at m/z 497, and (c) LTE4 at m/z
440.
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tion of the molecule. A similar fragmentation reaction
was observed for LTD4 to yield ion m/z 179 correspond-
ing to loss of the neutral lipid and formation of the
cysteinyl-glycyl peptide ion. LTC4 also underwent the
loss of g-glutamate to form the ion m/z 497 which lost
water to produce the ion m/z 479. The MS3 spectrum of
m/z 497 from LTC4 generated in an ion trap experiment
(data not shown) which was identical to the MS2
spectrum of LTD4 (Figure 1B), providing evidence to
support cleavage of the g-glutamate to afford this ion
from LTC4.
A common series of fragment ions, m/z 319, 301, 283,
265 and 189, present in the spectra for all of these
cysteinyl-leukotrienes was also observed (Figure 1). The
MS3 spectra of m/z 319 (Figure 2) was identical for each
of these three molecules and produced the ions m/z 301,
283 and 265 because of three sequential losses of water,
and the ion m/z 189, likely because of the cleavage of the
C6–C7 bond of the lipid backbone. This ion at m/z 319
shifted 4 mass units to m/z 323 in the MS2 spectrum of
synthetic d4-LTC4. The MS
3 spectrum of m/z 323 from
d4-LTC4 resulted in ions m/z 305, 286, and 268 corre-
sponding to the losses of H2O, HDO, and H2O respec-
tively (data not shown). The common ion m/z 319 was
likely formed by cleavage of the carbon-sulfur bond to
afford a protonated epoxide cation and loss of the
neutral cysteine as outlined in Scheme 4 for LTE4.
Rearrangement of the conjugated triene by a 1,7 sigma-
tropic shift would afford a protonated epoxide cation
that could then lose neutral enolized 6-oxo-hexanoic
acid to form the resonance stabilized alkyl cation m/z
189 (Scheme 5).
In addition to the data obtained for d4-LTC4, evi-
dence to support these mechanisms was provided by
the MS2 spectrum of 20-trifluoro-LTE4 (Figure 3a) and
the MS3 spectrum of cation m/z 373 (Figure 3b) analo-
gous to m/z 319 and 323 for each of the above described
leukotrienes and d4-LTC4. The CID tandem mass spec-
trum of the cation m/z 494 derived from 20-trifluoro-
LTE4 (Figure 3a) was analogous to that outlined for
LTE4 (Figure 1c). The mass spectrum revealed loss of
water to afford m/z 476 and the major cation m/z 373 due
to cleavage of the sulfur-lipid bond to afford an epoxide
cation as described in Scheme 4. The spectrum shown in
Figure 3b was consistent with an epoxide cation m/z 373
and three sequential losses of water to afford ions m/z
255, 337, and 319, respectively, as well as cleavage of the
C6–C7 bond, after rearrangement, to afford the forma-
tion of m/z 243 accompanied by the loss of enolized
6-oxo-hexanoic acid as outlined in Scheme 5. All of
these ions described for 20-trifluoro-LTE4 were shifted
54 mass units above the corresponding ions generated
from the mass spectra for LTE4 indicating retention of
the three fluorine atoms located on carbon-20 as expected
for the mechanisms proposed in Schemes 4 and 5.
FOG7
The CID tandem mass spectrum for FOG7 was strik-
ingly simple with the only major fragment ion observed
being m/z 497 (Figure 4a) consistent with cleavage of the
g-glutamate amino acid in a manner directly analogous
to that of LTC4. A minor ion at m/z 608, likely a result of
the loss of water, was also observed. Unlike LTC4,
cleavage of the carbon-sulfur bond to afford either m/z
319 with charge retention on the lipid backbone or
fragment ion m/z 308 with the charge retained on the
Figure 2. Product ions (MS3) following collisional activation of
m/z 319 generated from the [M1H]1 of LTC4 in an ion trap mass
spectrometer.
Scheme 4
Scheme 5
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peptide was not a major process. The CID tandem mass
spectrum for d7-FOG7 (Figure 4B) revealed that m/z 497
was, in fact, formed by two separate processes since it
was split into two major ions at m/z 504 and m/z 503.
Cleavage of the g-glutamate amino acid, as described
above, would afford the fragment ion m/z 504 in this
deuterium-labeled analog, but m/z 503 had to be formed
via a different mechanism, possibly a charge remote
radical cleavage to afford the stable a-carbonyl radical
and the allylic sulphur radical cation as described in
Scheme 6.
The MS3 spectra of m/z 497 from FOG7 and m/z 504
from d7-FOG7 provided valuable information to sup-
port the structure of this recently discovered cysteinyl
eicosanoid (Figure 5). The MS3 spectrum of m/z 497
from FOG7 was, at first glance, similar to that obtained
for the MS3 spectrum of m/z 497 from LTC4 and the MS
2
spectrum for LTD4 revealing ions m/z 479 due to the loss
of water, as well as a predominant ion at m/z 319
accommodated with three consecutive losses of H2O to
afford ions m/z 301, 283, and 265 respectively. The
mechanism for the formation of m/z 319 from the MS3
spectrum of m/z 497 from FOG7 had to be somewhat
different from that described in Scheme 4 for the
cysteinyl-leukotrienes, since formation of the proton-
ated epoxide was not possible. However, proton/
charge transfer from the protonated amino terminus of
the cysteinyl residue to the sulphur atom prior to loss of
neutral cysteinyl-glycine would likely facilitate cleav-
age of the allylic carbon–sulfur bond (Scheme 7). Also
present was an ion at m/z 189, likely a result of cleavage
of the C7–C8 bond of the lipid backbone and m/z 179
which could have formed as a consequence of the
cleavage of the lipid-peptide carbon–sulfur bond with
charge retention on the cysteinyl-glycyl residue as ob-
served for LTC4 and LTD4.
Of particular importance was the ion observed at m/z
367 in the MS3 spectrum of m/z 497 for FOG7 (Figure 5a).
This fragment ion appeared at m/z 373 in the MS3
spectrum of m/z 504 from d7-FOG7 (Figure 5b), and
provided convincing evidence to support the formation
of FOG7 by a 1,4 Michael addition of glutathione to
5-oxo-ETE. Following proton/charge transfer to the
sulphur atom (Scheme 7), a McLafferty-type rearrange-
ment (Scheme 8) would lead to formation of ion m/z 373,
containing only 6-deuterium atoms of d7-FOG7.
Discussion
Electrospray ionization is a facile technique that will
generate both abundant positive and negative ions of
Figure 3. Product ion spectrum obtained in an ion trap mass
spectrometer by collision-induced dissociation of [M1H]1 ions of
(a) 20-trifluoro-LTE4 (m/z 494) and (b) the MS
3 spectrum of cation
m/z 373 generated from 20-trifluoro-LTE4 (m/z 494).
Scheme 6
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cysteine containing eicosanoids because of the presence
of both free carboxyl and free amino moieties. The
electrospray ionization method is very sensitive for the
analysis of both positive and negative ions of this class
of compounds with 1-2 ng/mL of sample providing
abundant ions, such that CID and MS3 spectra could easily
be obtained. Although abundant negative and positive
molecular ion species were readily formed, collisional
activation of the negative ions in the ion trap required
high collision energy, and even then a rather low abun-
dance of product ions resulted. However, in the triple
quadrupole mass spectrometer, abundant and character-
istic product anions were observed for all cysteinyl eico-
sanoids.
The negative ion CID tandem mass spectra obtained
for the cysteinyl-leukotrienes afforded several characteris-
tic product ions. In particular, collisional activation of the
[M2H]2 from LTC4, LTD4, and LTE4 yielded product ions
m/z 508, 379, and 322 respectively, because of the cleavage
of the lipid C5–C6 bond facilitated by the hydroxyl group
at C-5 (Scheme 2). These ions provided evidence to
support the location of the cysteinyl group on carbon-6 of
the lipid backbone. The results presented here as well as
those previously reported for the cysteinyl-leukotrienes
generated by FAB ionization [11, 12], suggested that
collisional activation of [M2H]2 anions from glutathione-
adducts yielded the most abundant product ions with the
negative charge retained on the peptide portion of the
molecule, while cysteine-adducts such as LTE4 fragment
preferentially with charge retention on the lipid portion of
the molecule. This behavior has been observed with other
Figure 4. Collision-induced decomposition of the molecular cat-
ion [M1H]1 derived from (a) FOG7 and (b) d7-FOG7 in an ion trap
mass spectrometer.
Figure 5. MS3 mass spectra of theg-glutamate cleavage product
ion of (a) m/z 497 from FOG7 and (b) m/z 504 derived from
d7-FOG7.
Scheme 7
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glutathione and cysteine containing adducts of various
drugs [14]. For example, it has been reported that CID of
cysteine conjugate [M2H]2 derived from benzo[a]pyrene
epoxide produced abundant thiolate anions containing
the polycyclic aromatic hydrocarbon portion of the mole-
cule, but the glutathione conjugates afforded product ions
with charge retention on the glutathione moiety [14]. This
trend was also observed for the glutathione conjugates of
5-oxo-ETE and d7-5-oxo-ETE. The positive CID tandem
mass spectra of FOG7 and d7-FOG7 were surprisingly
simple and yielded the CID spectrum which was devoid
of significant structural information.
The positive CID tandem mass spectra for the cys-
teinyl-leukotrienes were also characteristic for this class
of compounds. Except for the facile loss of water in the
ion trap, both tandem mass spectrometric instruments
yielded a very similar population of product ion types.
Many of the fragmentation processes observed for the
cysteinyl-leukotrienes occurred via common mecha-
nisms. For example, the formation of an epoxide cation,
m/z 319, was observed in the CID spectra of the cystei-
nyl-leukotrienes (Scheme 4). The observation that
5-oxo-ETE was readily conjugated with glutathione
within the murine macrophage to form a product with
a molecular weight of 625 Da was certainly anticipated
because of the purported role of GST [15] in protecting
cells from the electrophilic entities such as conjugated
dienones (5-oxo-ETE). GST enzymes typically catalyze
the 1,4-Michael addition reaction to a,b-unsaturated
carbonyl compounds with the tripeptide glutathione
[15]. However, GST catalyzed Michael addition reac-
tions to compounds with extended conjugation such as
that found in 5-oxo-ETE could result in additional
products [16]. Dienones are known to favor 1,6-Michael
addition reactions [17]. For example, the addition of
benzomercaptan to 20b-acetoxy-pregna-3,5-diene-7-one
afforded a 1,6-Michael addition product in 49% yield
and no detectable 1,4-Michael addition [18]. Therefore,
it was critical to have mass spectrometric evidence to
establish the site of glutathione attachment to 5-oxo-
ETE as either the expected 1,6-Michael addition reaction
or a 1,4-Michael addition reaction.
The positive CID tandem mass spectrum for FOG7
appeared to be simple and not structurally informative
with the only observed product ion being m/z 497
because of the facile cleavage of the g-glutamate from
the glutathionyl portion of the molecule. Close inspec-
tion of the spectrum obtained for d7-FOG7 revealed that
in addition to this facile process, radical cleavage of the
C6–C7 bond also occurred to afford a stable g-carbonyl
radical and an allylic radical cation observed at m/z 503.
This radical cleavage provided valuable insight into the
biochemistry involved in the formation of FOG7 and
suggested that a 1,4-Michael addition of glutathione to
5-oxo-ETE had occurred. The MS3 spectra of the ions
formed by loss of g-glutamate from both FOG7 (m/z 497)
and d7-FOG7 (m/z 504) were informative and character-
istic of the cysteinyl lipids. Many product ions derived
from FOG7 were also observed both in the MS
2 spec-
trum of LTD4 and the MS
3 spectrum of m/z 497 from
LTC4. One product ion in the spectrum of FOG7 not
observed for any of the cysteinyl-leukotrienes was the
ion m/z 367 because of the cleavage of the C6–C7 bond
via a classic McLafferty-type rearrangement (Scheme 8)
following proton/charge transfer from the amino group
to the sulphur atom. This product ion was observed at
m/z 373 for the deuterium-labeled derivative, consistent
with retention of only six of the deuterium atoms in this
fragment ion.
In conclusion, electrospray ionization was a facile
process to generate both abundant positive and nega-
tive ions from cysteinyl-eicosanoids. The mass spectra
for this class of biological compounds was readily
obtained without the need of prior derivatization and
was compatible with direct LC/MS analysis. Tandem
mass spectrometry of the deuterated derivatives of
the cysteinyl-leukotrienes and FOG7 provided valu-
able insight into the mechanism of product ion for-
mation following collisional activation of both posi-
tive and negative molecular ion species of these
cysteinyl-eicosanoids. Using this approach, it was
possible to clearly distinguish FOG7 from the struc-
turally similar eicosanoid, LTC4. The sensitivity of the
electrospray ionization process should also permit
the use of mass spectrometry to identify the occur-
rence of these cysteinyl-eicosanoids in biological sys-
tems. Furthermore, tandem mass spectrometry (mul-
Scheme 8
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tiple reaction monitoring) and the use of the
deuterium-labeled analogs could be the basis of sen-
sitive quantitative assays for FOG7.
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